Background: Whether depression before diagnosis of dyslipidemia is associated with higher cardiovascular disease (CVD) risk among newly diagnosed dyslipidemia patients is yet unclear.
INTRODUCTION
Dyslipidemia is one of the most prevalent chronic diseases worldwide. In the United States alone, it is estimated that more than 100 million adults have total cholesterol levels of 200 mg/dL or higher and 31 million adults with total cholesterol levels of 240 mg/dL or higher [1] . Similarly, a previous study estimated that 19 .5% of adults in South Korea have dyslipidemia in 2015 [2] . Furthermore, dyslipidemia patients are at increased risk for cardiovascular disease (CVD), the leading cause of death globally.
Naturally, most guidelines of dyslipidemia management are focused on risk assessment for future CVD risk [3, 4] . Therefore, it is of clinical importance to identify and manage risk factors associated with CVD among dyslipidemia patients.
Depression has previously been associated with CVD among the general population. According to a systematic review and meta-analysis in 2007, depression was associated with increased myocardial infarction, stroke, and CVD risk [5] . Similarly, another study showed that depression was associated with increased risk of coronary heart disease (CHD) from a pooled analysis of 54 observational studies [6] . Such studies, however, were conducted within the general population. As dyslipidemia patients are at increased risk for CVD, the relationship between depression and CVD among dyslipidemia patients may differ from that of the general population. However, whether depression is a risk factor for CVD among dyslipidemia patients has not yet been explored.
Therefore, we attempted to investigate the association of preexisting depression among newly diagnosed dyslipidemia patients on CVD using the Korean National Health Insurance Service (NHIS) database.
METHODS

Participants
The study population was derived from the National Health Insurance Service-Health Screening Cohort (NHIS-HEALS). In South Korea, the NHIS provides mandatory health insurance covering nearly all forms of health services for all Korean citizens, resulting in an enrollment rate of approximately 98% [7] . Furthermore, the NHIS collects all insurance covered records from inpatient and outpatient department visits, drug prescriptions, and procedural or surgical treatments. For all enrollees aged 40 years or older, a biannual health screening examination service is provided by the NHIS, which includes a self-reported questionnaire of health behavior, body measurements including height, weight, and blood pressure, and blood and urine tests [8] . From this claims database, the NHIS provides a part of their data for research purposes, which include information on all hospital use, pharmaceutical prescriptions, and results from the health screening examinations. Several previous studies have used the NHIS database for research purposes and its validity is described in detail elsewhere [7] .
Ethics
This study was approved by the Institutional Review Board of Seoul National University Hospital (IRB number: E-1803-046-928). The requirement for informed consent was waived as the NHIS-HEALS database is anonymized according to strict confidentiality guidelines prior to distribution.
Key variables
Dyslipidemia patients were detected when a participant was prescribed statin medication under the International Classification of Diseases, Tenth Revision (ICD-10) codes for dyslip-idemia (E78) as the primary or secondary diagnosis. The first date of statin prescription with the primary or secondary diagnosis for dyslipidemia was used as the diagnosis date. Statin compliance was detected between the diagnosis and index dates, or the first 2 years of dyslipidemia diagnosis. Medication possession ratio (MPR) was used to determine statin compliance, which is calculated by dividing the cumulative daily defined dose during the 3 years by the difference between the last and first prescription dates [9] .
Depression was defined as having visited the outpatient psychiatry department at least twice or hospitalized at least once due to ICD-10 codes for depression (F32, F33). The definition of depression was adapted from another study [10] . CVD was defined when a participant was hospitalized for at least 2 days or died due to CVD, which was adapted from previous studies that used the NHIS database [11, 12] . CVD included CHD (ICD-10 codes I20-I25) and stroke (ICD-10 codes I60-I69). The ICD-10 codes pertaining to CVD, CHD, and stroke were adapted from the American Heart Association guidelines [1] .
Statistical analysis
Chi-square tests and t-tests were conducted to determine the difference in proportions of descriptive characteristics according to depression for men and women. Cox proportional hazards regression analysis was used to determine the adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) for CVD risk according to pre-existing depression before dyslipidemia diagnosis. Upon analysis, the considered covariates included age (continuous, years), sex (categorical, men and women), household income (categorical, 1st, 2nd, 3rd, and 4th quartiles), smoking (categorical, never, past, and current smokers), alcohol consumption (categorical, none, <1, 1 to 2, 3 to 4, and ≥5 times per week), physical activity (categorical, none, 1 to 2, 3 to 4, 5 to 6, and 7 times per week), body mass index (continuous, kg/m 2 ), systolic blood pressure (continuous, mm Hg), fasting serum glucose (continuous, mg/dL), total cholesterol (continuous, mg/dL), statin compliance (continuous, MPR), Charlson comorbidity index (continuous), and index year (continuous). Household income was determined by the insurance premium and body mass index by dividing the weight in kilograms by height in meters squared.
Two stratified analyses were conducted. First, the association of depression on CVD among newly diagnosed dyslipidemia patients were determined according to subgroups of high (MPR ≥0.8), medium (0.5 to 0.7), and low (<0.5) statin com-pliance. Second, a separate subgroup analysis was conducted for subgroups of smoking, physical activity, alcohol consumption, and body mass index on the association of depression on CVD. A sensitivity analysis on the association of pre-existing depression on CVD according to non-fatal and fatal CVD was conducted. Furthermore, another sensitivity analysis was conducted by examining CVD risk according to depression among dyslipidemia patients with MPR of 0.5 or higher. Finally, the association of pre-existing depression on the risk of CVD was determined after propensity score matching with consideration of all covariates. Using a caliper of 0.2 times the standard deviation of the logit propensity score, a matching ratio of 1:1 was used.
Statistical significance was defined as a P value of <0.05 in a two-sided manner. All data analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Fig. 1 shows the flow diagram of the study population. Among 83,795 newly diagnosed dyslipidemia patients aged 40 years or older with health screening data during 2003 to 2012, we excluded 8,582 and 177 patients diagnosed with CVD or who died before the index date or within 2 years after dyslipidemia diagnosis. Furthermore, 2,801 patients with missing values on covariates were excluded, resulting in a study population of 72,235 participants. All patients were detected for depression within 3 years before the diagnosis date for dyslipidemia. The index date was set at 2 years after the diagnosis date for each patient, starting from which all participants were followed up for CVD until the date of death or 31 December 2015. Table 1 depicts the descriptive characteristics of the study population. The number of dyslipidemia patients without and with depression were 31,590 and 772 for men and 37,857 and 2,016 for women, respectively. The mean±standard deviation of age for non-depressed and depressed participants were 58.0± 8.4 and 60.3±9.2 years for men and 60.4±8.2 and 62.0±8.4 years for women, respectively. Among men, depressed patients were older, consume less alcohol, have lower body mass index, systolic blood pressure, fasting serum glucose, and have more comorbidities compared to those without depression (all P< 0.05).
RESULTS
The association of pre-existing depression on CVD among dyslipidemia patients is shown in Table 2 . Compared to patients without depression, those with depression had higher risk for CVD (aHR, 1.24; 95% CI, 1.09 to 1.41). There was a tendency towards elevated risk for CHD among depressed patients compared to those without depression (aHR, 1.20; 95% CI, 1.00 to 1.44). Similarly, patients with depression had increased risk for stroke (aHR, 1.27; 95% CI, 1.06 to 1.53) compared to those without depression. For men and women, the aHR for CVD among depression patients were 1.18 (95% CI, 0.94 to 1.49) and 1.26 (95% CI, 1.07 to 1.48), respectively. As shown in Supplementary Table 1 , depression was associated with higher risk for non-fatal CVD (aHR, 1.25; 95% CI, 1.10 to 1.43). Moreover, there was a risk-increasing association of depression for CVD risk (aHR, 1.28; 95% CI, 1.04 to 1.58) among dyslipidemia patients with MPR of 0.5 or higher (Supplementary Table 2 ). Finally, Supplementary Table 3 depicts that depression was associated with higher risk for CVD (aHR, 1.39; 95% CI, 1.13 to 1.72) after propensity score matching for all covariates. Table 3 depicts the relationship between depression and CVD according to subgroups of statin medication compliance. Compared to patients without depression, depressed patients tended to have higher risk for CVD among those with high (aHR, 1.42; 95% CI, 1.06 to 1.90), medium (aHR, 1.17; 95% CI, 0.91 to 1.52), and low (aHR, 1.25; 95% CI, 1.05 to 1.50) statin compliance. The stratified analysis of the association of depression on CVD according to subgroups of lifestyle behaviors is shown in Table 4 . There was a tendency towards increased risk among depressed participants for CVD according to subgroups of smoking, alcohol consumption, physical activity, and body mass index. Fig. 1 . Flow diagram of the study population. 
DISCUSSION
In our study, we demonstrated that newly diagnosed dyslipid-emia patients with pre-existing depression had higher risk for CVD. This association held true regardless of statin compliance, smoking, alcohol consumption, and physical activity. To our knowledge, this is the first study to investigate the association between pre-diagnosis depression and CVD among newly diagnosed dyslipidemia patients.
Multiple previous studies have investigated the association [5] . In another study investigating the association between mental disorders and CVD, Goodwin et al. [13] showed that major depression was associated with higher risk for CVD among the general population (aOR, 1.22; 95% CI, 1.00 to 1.58). Finally, another meta-analysis from 54 observational studies by Nicholson et al. [6] also depicted that depression was associated with increased risk of CHD (relative risk, 1.81; 95% CI, 1.53 to 2.15). The results from our study further adds to those of previous reports by demonstrating that the risk-increasing effect of depression on CVD also held true for dyslipidemia patients.
The two primary pathways that could explain the relationship between depression and elevated CVD risk are the hypothalamic-pituitary-adrenal axis [14, 15] and autonomic nervous system [16] [17] [18] [19] [20] [21] . Furthermore, an additional pathway that could have played a role in the risk-increasing effect of depres-sion on CVD among dyslipidemia patients is lipid metabolism. Previously, a number of studies have shown that depression was associated with deteriorating lipid control and higher risk of dyslipidemia. In 2010, van Reedt Dortland et al. [22] explored the association of depression and anxiety on metabolic syndrome. They found that very severe depression was associated with higher prevalence of metabolic syndrome (aOR, 2.21; 95% CI, 1.06 to 4.64) [22] . Furthermore, it was revealed that hypertriglyceridemia and low high density lipoprotein (HDL) cholesterol both contributed significantly to the association between depression and metabolic syndrome [22] . In another study, it was also shown that initial higher depression severity was associated with reduced HDL levels after 2 years [23] . In addition to the deteriorating lipid metabolism upon depression depicted in previous studies, we were able to demonstrate that pre-existing depression among newly diagnosed dyslipidemia patients was also associated with higher risk for CVD, a major complication of worsening lipid metabolism.
Outside of lipid control, one other primary factor that could affect the relationship between depression and CVD is medication compliance. In a meta-analysis on the association of depression on medication compliance, DiMatteo et al. [24] demonstrated that depression was significantly associated with 4.89) . This is particularly relevant in our study, as our study population consisted of dyslipidemia patients who were prescribed statin medications. Therefore, it could be argued that the risk-increasing effect of depression on CVD could partly be due to the possible low adherence to statins of depressed dyslipidemia patients [25] . In order to account for this, we conducted a subgroup analysis according to statin compliance determined by MPR and demonstrated that depression was associated with elevated CVD risk among subgroups of low, middle, and high statin compliance. The higher risk observed for depression patients among those with MPR of 0.8 or higher can be explained by the fact that this risk assessment was conducted among those with higher statin compliance only, thus removing the possible CVD risk-increasing effect of non-compliance [26] and accentuating the risk-increasing effect of depression on CVD [6] .
Depression has also previously been linked to increased smoking and alcohol consumption, obesity, and lower physical activity rates [27] . Therefore, such lifestyle factors could act as important confounders in the relationship between depression and CVD. As such, we conducted multiple subgroup analyses according to subgroups of smoking, alcohol, physical activity, and obesity. In our study, we showed that dyslipidemia patients with depression had higher CVD risk among most subgroups of smoking, alcohol, physical activity, and body mass index. The higher risk observed for depression patients among never smokers may be due to the fact that this particular subgroup is composed of those not exposed to the potential confounding effect of smoking [28] , and are thus perhaps more prone to the risk-increasing effect of depression on CVD [5] .
Several limitations must be considered upon interpreting the results from our study. First, depression was determined by using ICD-10 codes from a claims database and is not thus verified by medical records, which may have led to reduced accuracy of depression diagnosis. Although a number of previous studies also used ICD-10 codes to define depression in a similar manner [10, 29] , future studies that use a more accurate definition of depression are needed. Second, depression was only determined 3 years prior to dyslipidemia diagnosis. Therefore, whether dyslipidemia patients were diagnosed with depression after diagnosis was not considered and merit further studies. Third, the definition of CVD could not be validated by medical records. Although the operational definition for CVD was adopted from previous studies that also used the NHIS database [11, 12] , future studies with a narrower definition of CVD, perhaps by using procedural codes for cardiovascular interventions or coronary artery bypass grafting operations are needed. Fourth, we could not adjust for certain potential confounders such as education due to the lack of information. We attempted to compensate for this by adjusting for household income, which could act as a surrogate marker for education. Finally, this study was limited to Korean citizens of Asian ethnicity. Future studies that use a more diverse study population are needed to further validate the findings from this study.
Nonetheless, our study has a number of strengths. First, our study population consisted of newly diagnosed dyslipidemia patients, a group that has not previously been studied on the relationship between depression and CVD. Second, we attempted to enhance the validity of our findings by adjusting for a wide range of covariates, particularly lifestyle factors and statin medication compliance. Third, the longitudinal nature of our study design and relatively large study population further increases the reliability of our findings. Specifically, previous reports have suggested that subclinical CVD may precede depression rather than depression being a risk factor for CVD [30, 31] . We attempted to highlight the cause-and-effect relationship of depression preceding CVD by excluding depression patients diagnosed with CVD within the first 2 years after dyslipidemia diagnosis.
In conclusion, dyslipidemia patients with pre-existing depression had higher risk for CVD. Future studies that determine whether depression management among dyslipidemia patients is associated with reduced CVD risk are needed to validate our findings.
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